Neurodegenerative diseases are a group of neuronal disorders caused by progressive neuronal cell death in different regions of the human brain. Alzheimer's disease (AD) and Parkinson's disease (PD) are the most common types of neurodegenerative diseases that affect millions of people worldwide. There is no cure available for either disease. One of the pathological hallmarks of neurodegenerative diseases is the abnormal protein aggregation in the central nervous system. Although this protein aggregation is the major pathological event, innate immunity-mediated neuroinflammation actively contributes to the onset and progression of neurodegenerative diseases (Labzin et al., 2018). Furthermore, the activation of inflammasomes, critical components of innate immunity, has an important role in neuroinflammation and neurodegenerative diseases (Heneka et al., 2018). In this perspective, we discuss the latest developments on the NLR family pyrin domain containing 3 protein (NLRP3) inflammasome, its role in AD and PD, and the therapeutic implications of targeting the NLRP3 inflammasome.

**Innate immunity and inflammasomes:** The innate immune system is the first line of host defense against pathogens and tissue injury. Innate immune cells, including macrophages, monocytes, and neutrophils, are the major players during innate immune responses. They express pattern recognition receptors (PRRs) to recognize the pathogen-associated molecular patterns and host- or environment-derived danger-associated molecular patterns. Engagement of PRRs activates a variety of inflammatory signaling pathways to eliminate infection and repair damaged tissue. PRRs include Toll-like receptors, C-type lectin receptors, RIG-1 like receptors, and nucleotide-binding oligomerization domain-like receptors (NLRs). A subset of PRRs can form cytosolic multiprotein complexes called inflammasomes (Broz and Dixit, 2016). An inflammasome commonly consists of a member of PRRs as the sensor, the adaptor apoptosis-associated speck-like protein containing a caspase-activation and recruitment domain (ASC) and caspase-1. Once assembled, inflammasomes trigger caspase-1 activation through the proximity-induced self-cleavage of capase-1. Activated caspase-1 mediates the maturation and secretion of pro-inflammatory cytokines, such as interleukin (IL)-1β and IL-18. In addition, active caspase-1 also cleaves the protein gasdermin D to induce a proinflammatory form of cell death termed pyroptosis. Currently, there are five members of PRRs confirmed to form inflammasomes: absent-in-melanoma 2, pyrin, and nucleotide-binding oligomerization domain-like receptor family members NLRP1, NLRP3, NLRC4 (Broz and Dixit, 2016).

**Mechanism of NLRP3 inflammasome activation and regulation:** The NLRP3 inflammasome has become the most studied inflammasome over the years due to its activation by a diverse range of stimuli and contribution to the pathology of inflammatory diseases. Despite extensive investigation, the mechanism of NLRP3 inflammasome activation remains unclear. A two-signal model has been proposed for NLRP3 inflammasome activation (Kelley et al., 2019). The priming signal (Signal 1), activated by ligands for Toll-like receptors, NLRs or cytokine receptors, leads to the upregulation of pro-IL-1β and NLRP3 through the nuclear factor-κB-mediated signaling pathway. This priming signal is not sufficient to trigger NLRP3 inflammasome activation. A second signal (Signal 2), provided by stimuli such as ATP, pore-forming toxins, or particulate matter, triggers NLRP3 inflammasome assembly and activation. Since NLRP3 stimuli are structurally and chemically dissimilar, it is thought that they induce an intracellular stress signal that is sensed by NLRP3. However, the nature of this stress signal remains elusive. Potassium efflux, mitochondrial dysfunction and reactive oxygen species (ROS), and lysosomal disruption have each been proposed as the upstream signaling event for NLRP3 inflammasome activation. Most NLRP3 stimuli can trigger the efflux of intracellular potassium. Conversely, inhibition of potassium efflux by high extracellular potassium concentrations blocks NLRP3 inflammasome activation by most stimuli. Thus, potassium efflux is a key upstream signaling event for NLRP3 inflammasome activation. The roles of mitochondria and ROS in NLRP3 inflammasome activation remain controversial. Many studies support a role for mitochondrial dysfunction and associated ROS in NLRP3 inflammasome activation. However, other studies indicate that ROS is only required for priming the NLRP3 inflammasome and mitochondrial dysfunction is dispensable for NLRP3 inflammasome activation. Lysosomal damage is only required for NLRP3 inflammasome activation by particulate matter. Several studies have proposed that members of the cathepsin family released from damaged lysosomes mediate NLRP3 inflammasome activation. Besides these upstream events, a number of NLRP3-interacting partners and posttranslational modifications of NLRP3 also regulate NLRP3 inflammasome activation (Kelley et al., 2019).

**Role of the NLRP3 inflammasome in AD:** NLRP3 inflammasome activation has been implicated in the pathogenesis of neurodegenerative diseases, especially AD and PD (**[Figure 1](#F1){ref-type="fig"}**). AD, the most common age-related neurodegenerative disease, is the leading cause of dementia among people 65 years and older. The deposition of misfolded amyloid-β (Aβ) in the brain is a key pathological event for AD. Recent studies have indicated that the NLRP3 inflammasome-mediated neuroinflammation plays an important role in the pathogenesis of AD. Microglia, the predominant CNS-resident innate immune cells, express NLRP3, ASC, and caspase-1. Halle et al. (2008) first found that fibrillar Aβ induced the secretion of IL-1β from microglia (Halle et al., 2008). In their findings, Aβ-induced secretion of IL-1β was dependent on NLRP3, ASC, and caspase-1 activity, and required cathepsin B released from damaged lysosomes. Importantly, they also found that ASC- and caspase-1 knockout mice, as well as IL-1 receptor or MyD88 deficient mice, had less recruitment of microglia and mononuclear phagocytes to Aβ in the brain as compared to the wild type control after the injection of Aβ into the striatum. In a later study with APP/PS1 mice that model AD, genetic deletion of NLRP3 or caspase-1 significantly reduced hippocampal and cortical Aβ deposition, and ameliorated spatial memory impairment and hyperactive behavior in mice (Heneka et al., 2013). Furthermore, another study also shows that inhibition of the NLRP3 inflammasome reduced Aβ deposition, neuroinflammation, and cognitive impairment in an AD mouse model (Dempsey et al., 2017). Thus, these findings suggest that NLRP3 inflammasome activation induced by Aβ promotes the pathogenesis of AD by triggering the release of proinflammatory cytokines and neuroinflammation. In agreement, brain samples from human AD patients showed increased caspase-1 activity as compared to non-demented and age-matched controls (Heneka et al., 2013).
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**Role of the NLRP3 inflammasome in PD:** Recent studies have also indicated a role for the NLRP3 inflammasome in PD. PD is a type of neurodegenerative disease characterized by the progressive loss of dopaminergic neurons in the substantia nigra region of the human brain. The pathological hallmark of this disease is the formation of Lewy bodies that consist of intra-neuronal aggregates of α-synuclein. Similar to Aβ, the fibrillar form of α-synuclein, but not its monomeric form, induced caspase-1-mediated IL-1β secretion in human monocytes and BV2 microglial cells (Codolo et al., 2013). This process was dependent on the NLRP3 inflammasome, and required the phagocytosis of α-synuclein, ROS production, and cathepsin B activity. In the α-synuclein A53T mouse model of PD, caspase-1 deficiency significantly reduced the activation of microglia (Zhou et al., 2016). In a rat PD model, inhibition of caspase-1 through microinjection increased the number of dopaminergic neurons, which associated with reduced expression of NLRP3 inflammasome components (Mao et al., 2017). Recently, activated caspase-1 was shown to directly cleave α-synuclein, which further promoted the aggregation and neuronal toxicity of α-synuclein (Wang et al., 2016).

**Therapeutic implications of targeting the NLRP3 inflammasome:** The important role of the NLRP3 inflammasome in these diseases makes targeting this pathway an attractive therapeutic strategy. There are three approved therapies that target the inflammasome downstream effector IL-1β: anakinra (IL-1 receptor antagonist), canakinumab (IL-1β neutralizing antibody), and rilonacept (soluble decoy receptor for IL-1β and IL-1α) (Dinarello et al., 2012). Although their efficacies have been demonstrated in treating autoinflammatory diseases, there is no report of their use in clinical trials on neurodegenerative diseases like Alzheimer's disease and Parkinson's disease. One reason may be due to their poor penetration of the blood-brain barrier. Furthermore, IL-18 and other inflammatory mediators released by pyroptosis might also contribute to the pathology of these diseases. Therefore, development of small molecules that target the pathway upstream of NLRP3 inflammasome activation might represent a better therapeutic strategy to treat NLRP3-driven neurodegenerative diseases. Indeed, NLRP3 inhibitors, such as MCC950 and the caspase-1 inhibitor Ac-YVAD-CMK, have been shown to alleviate the disease progression in animal models (Dempsey et al., 2017; Mao et al., 2017). Furthermore, as a number of NLRP3 regulators have been shown to regulate NLRP3 inflammasome activation, it would be of great value to investigate whether these regulators contribute to disease progression and therefore be used to develop new therapeutic strategies for treating neurodegenerative diseases.

*The work on the NLRP3 inflammasome in the He laboratory was funded by NIH grant K22AI120988 and Wayne State University Startup*.
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